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Mechanism 
• inhibition of rapid delayed rectifier 
potassium current IKr 
 
• inhibition of the channel encoded by the 
hERG gene 
TdP – Torsades de Pointes 
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• rubidium flux 
• radioactive ligands binding 
• fluorescence assessment 
• electrophysiological methods (HEK, CHO, XO cell lines) - patch clamp  
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proarrythmic potency assessment 
in silico – in vitro – in vivo extrapolation 
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
11
.5
90
0.
1 
: P
os
te
d 
12
 A
pr
 2
01
1
in silico – in vitro – in vivo extrapolation 
proarrythmic potency assessment 
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
11
.5
90
0.
1 
: P
os
te
d 
12
 A
pr
 2
01
1
LQT 
Type of LQTS Chromosomal Locus Mutated Gene Ion Current Affected 
LQT1 11p15.5 KVLQT1, or KCNQ1 (heterozygotes) Potassium (IKs) 
LQT2 7q35-36 HERG, KCNH2 Potassium (IKr) 
LQT3 3p21-24 SCN5A Sodium (INa) 
LQT4 4q25-27 ANK2, ANKB Sodium, potassium and calcium 
LQT5 21q22.1-22.2 KCNE1 (heterozygotes) Potassium (IKs) 
LQT6 21q22.1-22.2 MiRP1, KNCE2 Potassium (IKr) 
... ... ... ... 
JLN1 11p15.5 KVLQT1, or KCNQ1 (homozygotes) Potassium (IKs) 
JLN2 21q22.1-22.2 KCNE1 (homozygotes) Potassium (IKs) 
Sovari et al. / eMedicine Specialties/Cardiology Jun 18, 2009 
• disorder characterized by a prolongation of the QT interval on ECG 
 
• PRESENTED as the QT intervals corrected for heart rate (QTc) 
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proarrythmic potency assessment 
Crumb et al. / PSTT Vol. 2, No. 7 July 1999 
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elements of IVIVE and PKPD 
systems 
data 
trial 
design 
drug 
data 
mechanistic 
IVIVE & PBPK 
Population Pharmacokinetics  
& 
Covariates of ADME 
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
11
.5
90
0.
1 
: P
os
te
d 
12
 A
pr
 2
01
1
in silico – in vitro – in vivo extrapolation 
drug 
induced 
arrythmias ? ? 
proarrythmic potency assessment 
? 
in vitro 
in vivo 
individual 
in vivo 
population 
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
11
.5
90
0.
1 
: P
os
te
d 
12
 A
pr
 2
01
1
• OUTPUT: binary (unsafe/safe); continuous (IC50); concentration – inhibition 
relation 
• INPUT: phys-chem descriptors + chemical structure (2D fingerprints) + in vitro 
experimental settings 
• ALGORITHMS: ANN; Decision trees; BayesNet (WEKA – University of Waikato, 
NZ) 
• VALIDATION: internal (10-fold CV) & external (dataset) 
• FLEXIBILITY: various cell systems 
proarrythmic potency in silico 
prediction algorithms & methods 
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Na+ channel inhibition modelling 
proarrythmic potency assessment 
ion channels modelling 
Starmer and Grant (1985) 
K+ channel behaviour modelling 
Fink et al. (2008) 
transition from the closed to the inactivated state 
 
M-M formalism 
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in silico - in vitro – in vivo extrapolation 
• Hodgkin–Huxley formalism 
• ionic currents reproduced -> M-M formalism for the channels 
• based on the (human) experimental data 
• transmural heterogeneities of ion channel densities for three different 
ventricular cell types (endocardial, midmyocardial, epicardial cells) 
• 0D/1D/2D/3D simulations 
proarrythmic potency assessment 
human virtual myocytes 
computational models of cardiac 
electrophysiology 
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in silico - in vitro – in vivo extrapolation 
Ten Tusscher and Panfilov (2006), Fink et al. (2008); source cellml.org 
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in silico - in vitro – in vivo extrapolation 
proarrythmic potency assessment 
human virtual myocytes 
computational models of cardiac 
electrophysiology 
• cardiomyocytes physiology 
- cell volume 
- cell membrane area – electrical 
capacitance 
- sarcoplasmic reticulum volume 
• drugs pharmacokinetics 
- steady-state free drug 
concetrantion in plasma 
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in silico - in vitro – in vivo extrapolation 
proarrythmic potency assessment 
human virtual myocytes 
computational models of cardiac 
electrophysiology 
x multiple ionic currents inhibition 
(IKr , IKs , INa , ICaL , Ito) 
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in silico - in vitro – in vivo extrapolation 
human virtual myocytes 
 
• cardiomyocytes physiology – age dependent 
- cell volume 
- cell membrane area – electrical capacitance 
- sarcoplasmic reticulum volume 
proarrythmic potency assessment 
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
11
.5
90
0.
1 
: P
os
te
d 
12
 A
pr
 2
01
1
in silico - in vitro – in vivo extrapolation 
human virtual myocytes 
• cardiomyocytes physiology – age dependent – cell volume 
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proarrythmic potency assessment 
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human virtual myocytes 
• cardiomyocytes physiology – age dependent – cell volume 
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in silico - in vitro – in vivo extrapolation 
proarrythmic potency assessment 
human virtual myocytes 
• cardiomyocytes physiology – age dependent – cell area – electric 
capacitance 
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proarrythmic potency assessment 
human virtual myocytes - ongoing 
• cardiomyocytes physiology – genetics (phenotypes) 
population 
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change in chosen parameters based 
on the in vitro studies: 
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human virtual myocytes - ongoing 
• cardiomyocytes physiology – genetics (phenotypes) 
population 
- WT 
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in silico - in vitro – in vivo extrapolation 
drug plasma concentration M&S – SIMCYP PLATFORM 
• drug -> phys-chem, absorption, metabolism, distribution 
(tissue:plasma ratios), protein binding, in vitro clearance, permeability, 
metabolism, drug formulation 
• system - demographics – age, sex ; physiology/pathophysiology – 
weight, blood flow, tissue characteristics 
• trial design – routes of administration, dosing 
proarrythmic potency assessment 
Simcyp Limited 
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• 10-fold cross-validation 
 
 
• External validation 
 
 
all ok. 1 ok. 0 ok. FP FN ROC 
0.74 0.72 0.75 0.25 0.14 0.79 
1 0 classified as 
11 2 1 
3 13 0 
FP – false positive 
FN – false negative 
ROC – receiver-operator curve 
prediction results 
• PROBLEM: classification 
• ALGORITHM: BayesNet (SimpleEstimator, K2, maxParents=10) 
• SOFTWARE: WEKA 
more information can be found at the 
 
www.tox-portal.net 
proarrythmic potency in silico 
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
11
.5
90
0.
1 
: P
os
te
d 
12
 A
pr
 2
01
1
3rd International Workshop 
Computational Pharmacy 
 
one day long training  
 September 2011, Kraków, Poland 
 
http://www.cpw.edu.pl 
http://www.tox-portal.net  
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human virtual myocytes 
• EXAMPLE 
proarrythmic potency assessment 
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